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FEATURES 

12-Bit CMOS DAC with 
On-Chip Voltage Reference 
Output Amplifier 
-5 V to 45 V Output Range 

Serial Interface 

300 kHz DAC Update Rate 

Small Size: 8-Pin Mini-DIP 

Nonlinearity: ±1/2 LSB Tmin to Tmax 

Low Power DissipcAion: 100 mW typ 

APPLICATIONS 

Process Control 

Industrial Automation 

Digital Signal Processing Systems 

Input/ Output Ports 



GENERAL DESCRIPTION 

The AD 7233 is a complete 12-bit, voltage-output, digital-to- 
analog converter with output amplifier and Zener voltage refer- 
ence all in an 8-pin package. N o external trims are required to 
achieve full specified performance. T he data format is 2s com- 
plement, and the output range is -5 V to -I-5 V. 

The AD 7233 features a fast, versatile serial interface which al- 
lows easy connection to both microcomputer s and 1 6-bit digital 
signal processors with serial ports. When the SYNC input is 
taken low, data on the SD I N pin is clocked into the input shift 
register on each falling edge o f SC L K . On completion of the 
16-bit data transfer, bringing LDAC low updates the DAC latch 
with t he lowe r 12 bits of data and updates the output. Alterna- 
tively, LDAC can be tied permanently low, and in this case the 
DAC register is automatically updated with the contents of the 
shift register when all sixteen data bits have been clocked in. 
T he serial data may be applied at rates up to 5 M H z allowing a 
DAC update rate of 300 kHz. 

For applications which require greater flexibility and unipolar 
output ranges with single supply operation, please refer to the 
AD 7243 data sheet. 

The AD 7233 is fabricated on Linear Compatible CM OS 
(LC^M OS), an advanced, mixed-technology process. It is pack- 
aged in an 8-pin DIP package. 
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PRODUCT HIGHLIGHTS 

1. Complete 12-Bit DACPORT®. 

2. TheAD7233 is a complete, voltage output, 12-bit DAC on a 
single chip. T his single-chip design is inherently more reli- 
able than multichip designs. 

3. Simple 3-wire interface to most microcontrollers and DSP 
processors. 

4. DAC Update Rate- 300 kHz. 

5. Space Saving 8-Pin Package. 



DACPORT is a regpsbered trademark cf Analog Devices, Inc. 



REV. 

Information furnished by Analog Devices is believed to be accurate and 
reliable. However, no responsibility is assumed by Analog Devices for its 
use, nor for any infringements of patents or other rights of third parties 

which may result from its use. No license is granted by implication or One Technology Way, P.O. Box9106v Nonwood, MA 02062-9106v U.SA. 
otherwise under any patent or patent rights of Analog Devices. Tel: 617/3294700 Fax: 617/326-8703 



AHTO ^ 7 CD Cr I CI r ATI HMCl = +12 vto +15 v,^ Vss = - 12 vto - 15 v,^ gnd = v, Rl = 2 kn, 

nUI LJj' Jr CLIrlvMIIUIMJ Cl= 100 pF to gnd. AII specifications TminIoTmax unless otherwise noted.) 



KaranicLcr 


A 
M 


Q 

D 


unii5 


1 €5C conuia(xiairConinieni5 


STATIC PERFORMANCE 










Resolution 


12 


12 


Bits 




Keiocive Accuracy^ 


±i 


-1-1 n 


1 CD m-av 

LbD max 




n ifforoni"ial W nnlinoarii"\/3 

L/ 1 1 ICI Cl ILIul 111 Ul 11 1 1 iCOl 1 Ly 


+0 Q 


xu.y 


1 may 

L JD M IdA 


VJ Udl dl ILCCU 1*1 Ul lULUI ML 


R i nnlar 7 orn F rrr^r^ 
Dipuicli Z. CI U □ 1 1 Ul 


+ fi 

xo 


xu 


1 QR may 
L DD II IdA 


n AT 1 ai-rh Prini-pni-c 0000 0000 0000 


Fiill-Qralo F rrr^r-^ 

r Ull OLulC CIIUI 


xo 


xo 


1 QR may 
L OD 11 IdA 




r Uli-OLdic 1 cllipcidLUlc Ucl IILIcllL 


X 


X 


ppill Ul rDT\f V- Lyp 




DIGITAL INPUTS 
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AC CHARACTERISTICS" 
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POWER REOUIREMENTS 










Vdd Range 


+10.8/+16.5 


+11.4/+15.75 


V mInA/ max 


For Specified Performance U niess Otherwise Stated 


Vss Range 


-10.8/-16.5 


-11.4/-15.75 


V min/V max 


For Specified Performance Unless Otherwise Stated 


Idd 


10 


10 


mA max 


Output U nioaded; Typically 7 mA 


Iss 


4 


4 


mA max 


Output U nioaded; Typically 2 mA 



NOTES 

^Temperature Ranges are as follows: A, B Versions: -40°C to +85°C. 
^Power Supply Tolerance: A Version: +10%; B Version: ±5%. 
'See Terminology. 

"Sample tested @ +25°C to ensure compliance. 
Specifications subject to change without notice. 



■n Ml ki^ r u An Ar ir n i r-n r r 1 2 (Vdd =+ 10.8 V to + 16.5 V, Vss = - 10.8 V to - 16-5 V, GND = V, Rl = 2 left, 
TIMINb CHARALTcKlallLa ' Cl= lOOpF. ah specifications T„,n to T^^x unless otiierwise noted.) 



Parameter 


Limit at +25'C 
(All Versions) 


Limit atTMiNi Tmax 
(All Versions) 


Units 


C onditions/C omments 


ti^ 


200 


200 


ns min 


SCLK CycleTime 


t2 


50 


50 


ns min 


SYNCtoSCLK Falling Edge Setup Time 


t3 


120 


190 


ns min 


SYNC to SCLK Hold Time 


t4 


10 


10 


ns min 


Data Setup Time 


ts 


100 


100 


ns min 


Data H old Time 


te 








ns min 


SYNC H igh to LDAC Low 


t7 


50 


50 


ns min 


LDAC Pulse Width 


ts 








ns min 


LDAC High to SYNC Low 



NOTES 

^Sample tested at +25°C to ensure compliance. All input signals are specified with tr and tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
^See Figure 3. 

'SC L K M ark/Space Ratio range is 40/60 to 60/40. 
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ABSOLUTE MAXIMUM RATINGS^ 

(Ta = +25°C unless otherwise noted) 

Vdd to GND -0.3 V to +17 V 

VsstoGND +0.3 V to -17 V 

VouT^toGND -6 V to Vdd +0.3 V 

D igital I nputs to G N D -0.3 V to Vdd +0.3 V 

perating T emperature Range 

Industrial (A, B Versions) -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sees) +300°C 

Power D issipation to +75°C 450 mW 

D erates above +75°C by 10 mW/°C 



TERMINOLOGY 

RELATIVE ACCURACY (LINEARITY) 

Relative accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the D AC transfer function from a straight 
line passing through the endpoints of the transfer function. It is 
measured after allowing for zero and full-scale errors and is ex- 
pressed in LSBsorasapercentage of full-scale reading. 

DIFFERENTIAL NONLINEARITY 

D ifferential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ±1 LSB or less 
over the operating temperature range ensures monotonicity. 

BIPOLAR ZERO ERROR 

Bipolar zero error is the voltage measured at Vqut when the 
DAC is loaded with all Os. It is due to a combination of offset 
errors in the DAC, amplifier and mismatch between the internal 
gain resistors around the amplifier. 
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NOTES 

^Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
^T he output may beshorted to voltagesinthisrangeprovided the power dissipation 
of the package is not exceeded. Short circuit current is typically 80 mA. 



ORDERING GUIDE 





Temperature 


Relative 


Package 


Model 


Range 


Accuracy 


Option* 


AD7233AN 


-40°C to +85°C 


±1 LSB 


N-8 


AD7233BN 


-40°C to +85°C 


±1/2 LSB 


N-8 



*N = Plastic DIP. 




FULL-SCALE ERROR 

F ull-scale error is a measure of the output error when the am- 
plifier output is at full scale (full scale is either positive or nega- 
tive full scale). 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

T his is the voltage spil<e that appears at the output of the DAC 
when the digital code in the DAC latch changes before the out- 
put settles to its final value. T he energy in the glitch is specified 
in nV sees, and is measured for an all codes change (0000 0000 

0000 to 1111 1111 nil). 

DIGITAL FEEDTHROUGH 

T his is a measure of the voltage spike that appears on Vqut as a 
result of feed thro ugh fro m the digital inputs on theAD7233. It 
is measured with LDAC held high. 



CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD 7233 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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PIN FUNCTION DESCRIPTION 



Pin 


Mnemonic 


Description 


1 


Vdd 


Positive Supply (+12 V to +15 V). 


2 


SCLK 


Serial C locl<, Logic 1 nput. D ata is clocl<ed into the input register on each falling SC L K edge. 


3 


SDIN 


Serial Data In, Logic Input. The 16-bit serial data word is applied to this input. 


4 


SYNC 


Data Synchronization Pulse, Logic Input. Tal<ing this input low initializes the internal logic in 
readiness for a new data word. 


5 


LDAC 


Load DAC, Logic Input. U pdates the D AC output. T he DAC output is updated on the falling edge of 
this signal, or alternatively if this line in permanently low, an automatic update mode is selected whereby 
the DAC is updated on the 16th falling SC L K pulse. 


6 


GND 


Ground Pin = V. 


7 


VoUT 


Analog Output Voltage. This is the buffered DAC output voltage (-5 V to +5 V). 


8 


Vss 


Negative Supply (-12 V to -15 V). 
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CIRCUIT INFORMATION 

D/A Section 

The AD 7233 contains a 12-bit voltage-mode D/A converter 
consisting of highly stable thin-film resistors and high speed 
N M OS singlepole, double-throw switches. 

Op Amp Section 

T he output of the voltage-mode D/A converter is buffered by a 
noninverting CMOS amplifier. T he buffer amplifier is capable 
of developing ±5 V across a 2 kn load to G N D . 




Figure 1. Simplified D/A Converter 



DIGITAL INTERFACE 

The AD 7233 contains an input serial to parallel shift register 
and a DAC latch. A simplified diagram of the input loading cir- 
cuitry is shown in F igure 2. Serial data on th e SDIN input is 
loaded to the input register under control of SYNC and SCLK. 
When a complete word is held in the shift r egister i t may then be 
loaded into the DAC latch under control of LDAC. Only the 
data in the DAC latch determines the analog output on the 
AD7233. 

A low SYNC input provides the frame synchronization signal 
which tells the AD 7233 that valid serial data on the SDIN input 
will be available for the next 16 falling edges of SCLK . An inter- 
nal counter/decoder circuit provides a low gating signal so that 
only 16 data bits are clocked into the input shift register. After 
16 SC L K pulses the internal gating signal goes inactive (high) 
thus locking out any further clock pulses. T herefore, either a 
continuous clock or a burst clock source may be used to clock in 
the data. 

T he SYNC input should be taken high after the complete 16-bit 
word is loaded in. 

Although 16 bits of data are clocked into the input register, only 
the latter 12 bits get transferred into the DAC latch. The first 4 
bits in the 16-bit stream are don't cares since their value does 
not affect the DAC latch data. T herefore the data format is 4 
don't cares followed by the 12-bit data word with the LSB as the 
last bit in the serial stream. 
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T here are two ways in which the D AC iatch a nd hen ce the ana- 
iog output may be upd ated. The status of theLDAC input is 
examined after SYNC is tai<en iow. Depending on its status, one 
of two update modes is seiected. 

If LDAC = then the automatic update mode is seiected. In 
this mode the DAC iatch and analog output are updated auto- 
matically when the last bit in the serial data stream isclocl<ed in. 
The update thus tal<es place on the sixteenth falling SCLK edge. 



AD7233 



If LDAC = 1 then the automati c updat e is disabled and the 
DAC latch is updated by tal<ing LDAC low any time after the 
16-bit data tra nsfer is complete. T he update now occurs on the 
falling edge of LDAC. This facility is useful f or simu ltaneous 
update in multi-DAC systems. Note that the LDAC input must 
betal<en back high again before the next data transfer is initiated. 
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Figure 2. Simplified Loading Structure 
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Figure 3. Timing Diagram 
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AD7233- Typical Performance Graphs 
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APPLYING THE AD7233 
Bipolar (±5V) Configuration 

The AD 7233 provides an output voltage range from -5 V to 
+5 V without any external components. T his configuration is 
shown in F igure 4. T he data format is 2s complement. T he out- 
put code table is shown in Table I. If offset binary coding is re- 
quired, then this can be done by inverting the M SB in software 
before the data is loaded to the AD 7233. 



+12VTO+15V 

Iv, 
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2R 
AW 



DD 
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12-BIT 
DAC 
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Table I. AD7Z33 Bipolar Code Table 



Input Data Word 






MSB LSB 


Analog Output; Vqut 


xxxx 0111 nil nil 


-hS V 


•(2047/2048) 


XXXX 0000 0000 0001 


-hS V 


•(1/2048) 


xxxx 0000 0000 0000 


ov 




xxxx nil nil iiii 


-5V 


•(1/2048) 


xxxx 1000 0000 0001 


-5 V 


• (2047/2048) 


xxxx 1000 0000 0000 


-5V 


•(2048/2048) =-5 V 



X = Don't Care 

Note: 1 LSB = 5 V/2048 = 2.4 mV 



Figure 4. Circuit Configuration 
Povuer Supply Decoupling 

T achieve optimum performance when using the AD 7233, the 
Vdd and Vss lines should each be decoupled to G N D using 
0.1 fiF capacitors. In very noisy environments it is recom- 
mended that 10 |jf capacitors be connected in parallel with the 
0.1 n-F capacitors. 
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MICROPROCESSOR INTERFACING 

M icroprocessor interfacing to tlie AD 7233 is via a serial bus 
wliicli uses standard protocol compatible with DSP processors 
and microcontrollers. The communications channel requires a 
three-wire interface consisting of a clock signal, a data signal and 
a synchronization signal. T he AD 7233 requires a 16-bit data 
word with data valid on the falling edge of SCLK. For all of the 
interfaces, the D AC update may be done automaticall y when all 
the data is clocked in or it may done under control of LDAC. 

F igures 5 to 8 show the AD 7233 configured for interfacing to a 
number of popular DSP processors and microcontrollers. 

AD7233-ADSP-2101/ADSP-21Q2 Interface 

Figure 5 shows a serial interface between the AD 7233 and the 
ADSP-2101/ADSP-2102 DSP processor. The AD SP-2101/ 
ADSP-2102 contains two serial ports, and either port may be 
used in the interface. The data transfer is initiated by TFS going 
low. Data from the ADSP-2101/ADSP-2102 is clocked into the 
AD7233 on the falling edge of SCLK. When thedata transfer is 
complete TFS istaken high. In the interface shown the D A C is 
updated using an external timer which generates an LDAC 
pulse. T his could also be done using a control o r decod ed ad- 
dress line from the processor. Alternatively, the LDAC input 
could be hardwired low, and in this case the automatic update 
mode is selected whereby the D AC update takes place automati- 
cally on the 16th falling edge of SCLK. 
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TFS 
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TIMER 



' ADDITIONAL PINS OMITTED FOR CLARITY 
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Figure 5. AD7233 to ADSP-2101/ADSP-2102 Interface 
AD7Z33-DSP5G00O Interface 

A serial interface between the AD 7233 and theDSP56000 is 
shown in F igure 6. T he D SP56000 is configured for N ormal 
M ode Asynchronous operation with Gated Clock. It is also set 
up for a 16-bit word with SCK and SC2 as outputs and theFSL 
control bit set to a 0. SC K is internally generated on the 
DSP56000 and applied to the AD 7233 SCLK input. Data from 
the D SP56000 is valid on the falling edge of SC K . T he SC 2 
output provides the framing pulse for v alid dat a. T his line must 
be inverted before being applied to the SYNC input of the 
AD 7233. 



T he LDAC input of the AD 7233 is connected to G N D so the 
update of the DAC latch takes place automatically on the 16th 
falling edge of SCLK. An external timer could also be used as in 
the previous interface if an external update is required. 
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■ ADDITIONAL PINS OMITTED FOR CLARITY 
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Figure 6. AD7233 to D5P56000 Interface 
AD 7Z33-87C 51 1 nterface 

A serial interface between the AD7233 and the 87C51 micro- 
controller is shown in Figure 7. TXD of the 87C51 drives 
SCLK of the AD7233 while RXD drives the serial data line of 
the part. The SYNC signal is derived from the port line P3.3. 

The87C51 provides the L SB of itsSBUF register as the first bit 
in the serial data stream. T herefore, the user will have to ensure 
that the data in the SBU F register is arranged correctly so that 
the don't care bits are the first to be transmitted to the AD 7233 
and the last bit to be sent is the L SB of the word to be loaded to 
the AD 7233. When data is to be transmitted to the part, P3.3 is 
taken low. Data on RXD is valid on the falling edge of TXD. 
T he 87C51 transmits its serial data in 8-bit bytes with only eight 
falling clock edges occurring in the transmit cycle. To load data 
to the AD 7233, P3.3 is kept low after the first eight bits are 
transferred and a second byte of data is then transferred serially 
to the AD 7233. When the second serial transfer is complete, the 
P3.3 line istaken high. 



Figure7 shows the LDAC input of the AD7233 hardwired low. 
As a result, the DAC latch and the analog output wil l beup - 
dated on the sixteenth falling edge of TXD after the SYNC sig- 
nal for the DAC has gone low. A lternat ively, the scheme used in 
previous interfaces, whereby the LDAC input is driven from a 
timer, can be used. 
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* ADDITIONAL PINS OMITTED FOR CLARITY 





Figure 7. AD7233 to 87C51 Interface 
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AD 7233- 68H C 11 1 nterface 

Figure 8 shows a serial interface between the AD 7233 and the 
68HC11 microcontroller. SCK of the68HCll drives SCLK of 
the AD7233 while the M OSI output drives the serial data line. 
The SYNC signal is derived from a port line (PC 7 shown). 

F or correct operation of this interface, the 68H C 11 should be 
configured such that its C POL bit is a and its CPH A bit is a 
1. When data is to be transmitted to the part, PC 7 istal<en low. 
When the68HCll is configured like this, data on M OSI is 
valid on the falling edge of SC K . T he 68H C 11 transmits its se- 
rial data in 8-bit bytes with only eight falling clock edges occur- 
ring in the transmit cycle. To load data to theAD7233, PC7 is 
kept low after the first eight bits are transferred and a second 
byte of data is then transferred serially to the AD 7233. When 
the second serial transfer is com plete, the PC 7 line is taken 
high. Figures shows the LDAC input of the AD 7233 hard- 
wired low. As a result, the DAC latch and the analog output of 
the D AC will be up dated o n the sixteenth falling edge of SCK 
after the respective SYNC signal has gone low. Alte rnatively , 
the scheme used in previous interfaces, whereby the lSac in- 
put is driven from a timer, can be used. 
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* ADDITIONAL PINS OMITTED FOR CLARITY 





Figure 8. AD7233 to 68HC11 Interface 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



Plastic DIP (N-8) Package 



A A A A 



\i \J \J \J 

0.430 (10.92) 



0.348 (8.84) 



0.21 
(5.33) 
MAX 



« I— 



0.022 (0.558) 
0.014(0.356) 



T 



0.280(7.11) 
0.240 (6.10) 



0.060 (1.52) 
0.015(0.38) 



T 



I 

0.150 
(3.81) 
MIN 

_J_ 



-I k 
0.100 BSC 
(2.54 BSC) 



0.70(1.77) 
0.045(1.15) 




0.325 (8.25) 
0.300 (7.62) 



0.015(0.381) 
0.008 (0.204) 



0.195 (4.95) MAX 
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